INTRODUCTION
============

Due to an aging population, maintaining optimal musculoskeletal health has become necessary to ensure healthy aging in conjunction with reducing the medical and/or social costs of age-related diseases as well as complications related to physical activities \[[@B1][@B2]\]. Even in young adults, retaining skeletal muscle mass is related to disease susceptibility and affects responses to medical therapies for many ailments such as diabetes, cardiovascular disease, and cancer \[[@B3][@B4][@B5][@B6]\]. Previous findings have suggested that building or maintaining skeletal muscle mass is influenced by metabolic conditions, physical activity, nutritional status, and/or diet \[[@B7][@B8]\]. Of these, the causal relationship between nutrient intake and skeletal muscle mass is complicated by metabolic conditions that co-interact with nutritional status \[[@B9][@B10]\]. For example, high protein intake has been shown to reduce insulin sensitivity \[[@B9]\] and is associated with an increased risk of developing insulin resistance and type 2 diabetes (T2D), the condition that leads to the disintegration of skeletal muscle \[[@B11]\]. Moreover, alteration of fat-free mass was shown to be positively correlated with 24-h energy intake before and after exercise in overweight and obese subjects \[[@B12][@B13]\].

Although the importance of adequate muscle mass to health outcomes is relatively well-established, no research has specifically examined total caloric intake and types of macronutrient intake. Previous studies have been conducted on subjects with metabolic dysfunction (for example, overweight or obese subjects with average body mass index (BMI) of 22-37 kg/m^2^) \[[@B14][@B15][@B16]\], under extreme conditions such as substantial loss of muscle mass (for example, subjects with sarcopenia) \[[@B6][@B7][@B16]\], or under circumstances of extreme physical training (for example, athletes) \[[@B8][@B17]\]. Thus, no study has investigated the association of skeletal muscle with energy intake using a population-based dataset or subject pools with a normal body weight or BMI. Also assessing the effect of type of energy nutrient, carbohydrate or fat intake on skeletal muscle mass was shaded due to the proportional increase or decrease of the nutrients intake to the amount of total energy intake \[[@B18]\] and their relation to the risk of metabolic diseases \[[@B19][@B20][@B21]\].

Skeletal muscle loss or gain in a healthy population generally takes a few months to years \[[@B22]\]. Hence, assessing health or nutritional status during stages of muscle possession rather than substantial reduction (i.e. sarcopenia vs non-sarcopenia) is a more reliable approach to understanding the relationship between nutrient intake and skeletal muscle mass. Further, the variation curve of skeletal muscle mass across a lifetime differs by gender \[[@B23][@B24]\]. Hence, alteration of skeletal muscle mass in response to caloric or nutrient intake will differ by gender, and separate analyses for men and women are necessary to investigate health outcomes in response to different total energy intakes.

Therefore, the aim of this study was to investigate alteration of total energy intake and type of energy-producing nutrient intake according to the level of skeletal muscle mass as well as whether any gender difference exists in these relationships.

SUBJECTS AND METHODS
====================

Study subjects
--------------

In this study, data from the Korean National Health and Nutrition Examination Surveys (KNHANES) 2008, 2009, 2010, and 2011 were utilized and pooled for analysis. The KNHANES is a nationwide survey conducted by the Korean Centers for Disease Control and Prevention in the Ministry of Health and Welfare in order to examine the health and nutritional status of the Korean population. Initially, 37,753 subjects were identified from the KNHANES 2008-2011. In the first screening, 23,526 subjects aged 30 years or older were selected ([Fig. 1](#F1){ref-type="fig"}). Subjects who did not have dual-energy X-ray absorptiometry (DXA) or BMI data were excluded (n = 7,154). Subjects with incomplete lab data or dietary record (n = 2,826) and on-going medication (n = 697) were excluded. Subjects whose dietary record was different than usual diet (n = 4,083) as well as subjects whose total energy consumption was lower than resting metabolic energy (n = 186) or much higher (\> 1.5-fold) than Korean dietary reference intake (KDRI) \[[@B25]\] (n = 415) were excluded. This study ultimately analyzed data from 8,165 subjects comprised of men (n = 3,433) and women (n = 4,732). The Institutional Review Board of the Korea Center for Disease Control and Prevention reviewed and approved the KNHANES (IRB Nos. 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21, and 2011-02CON-06-C).

Assessment of anthropometric measurement and lean body mass
-----------------------------------------------------------

BMI was generated by dividing weight (kg) by square height (m^2^). A whole-body dual-energy X-ray absorptiometry (DXA) examination was performed using a fan-beam densitometer (Discovery-W, Hologic Inc., Bedford, MA, USA) to obtain parameters necessary for calculation of skeletal muscle mass. The accuracy of the DXA instrument used for calibration in the KNHANES has been reported in previous studies \[[@B26][@B27]\]. Total lean body mass was acquired from all regions of the body where skeletal muscle was attached (i.e. head, trunk, arms, and legs). Appendicular lean body mass was acquired by combining the lean body masses of both arms and legs.

Calculation of sarcopenia index (SI)
------------------------------------

In this study, we categorized study subjects by the quartile level of the sarcopenia index (SI), which provides a good estimate of the amount of skeletal muscle mass relative to body size \[[@B28]\]. Calculation of SI was performed according to a previous report from the Foundation for the National Institutes of Health \[[@B28]\]. The value of SI was obtained by dividing the amount of appendicular skeletal mass by the BMI; SI (%) = total appendicular muscle mass (kg)/body weight (kg) × 100.

Assessment of dietary intake
----------------------------

Subjects\' dietary intake data from a 24-h dietary recall were used to assess caloric and nutrient intakes. Subjects were also asked whether or not their dietary intake on record in their 24-h dietary recall was similar to their usual diet. To minimize variation in the cross-sectional dietary assessment, only the dietary data that were similar to a subject\'s typical dietary intake were analyzed. Frequency of alcohol consumption was converted into number of servings per day and classified into two categories: "≥ 1--2 serving/d", which corresponds to ≥ 2 servings/d for men and ≥ 1.5 servings/d for women, or "\< 1--2 servings/d", which corresponds to \< 2 servings/d for men and \< 1.5 servings/d for women. Caloric intake from alcohol was calculated by multiplying the number of servings/d by 64 kcal/serving, which is an average of kcal generated from one serving of alcoholic beverages \[[@B29]\].

Measurement of biochemical indicators and assessment of other covariates
------------------------------------------------------------------------

Total cholesterol, total triglyceride, fasting plasma glucose, and fasting insulin were measured using a chemistry analyzer (Hitachi 7600, Hitachi, Tokyo, Japan). Type of physical activity was categorized as active or non-active as follows: participants who reported doing mild or mid-strength physical activity for at least 5 days a week for a minimum of 30 minutes were coded as "active" while those who did not meet these criteria were classified as "non-active". The participants were asked about their smoking status and were classified as either "smoker" if they reported ever having smoked more than five packs of cigarettes during their lifetime or as "non-smoker" if they reported no history of smoking.

Statistical analysis
--------------------

Since the SI data were slightly skewed to the left as absolute values, all SI values were log-transformed to obtain a normal distribution. The data were then stratified by quartiles of log-transformed values of the SI to compare the differences in health-related variables and nutrition intake according to the level of skeletal muscle mass. The range of values for each SI quartile was as follows: for men, first quartile (Q1): SI \< 0.82, second quartile (Q2): 0.82 ≤ SI \< 0.89, third quartile (Q3): 0.89 ≤ SI \< 0.97, and fourth quartile (Q4): 0.97 ≤ SI. For women, Q1: SI \< 0.55, Q2: 0.55 ≤ S I \< 0.61, Q3: 0.61 ≤ SI \< 0.67, and Q4: 0.67 ≤ SI. Q1 values for both men and women were nearly equivalent to the criteria values of sarcopenia (\< 0.789 for men, \< 0.512 for women) \[[@B28]\].

The data values were presented as follows: continuous variables were expressed as mean, and standard errors and categorical variables were expressed as frequency with percentages. For the comparison of continuous variables among the SI quartiles, analysis of variance (ANOVA) was performed after weighting all values without adjustment. The distribution difference in the categorical variables was analyzed using the Rao-Scott chi-square test. All analyses were performed as a complex-sampling analysis, and a domain code was allotted to a subgroup of interest to provide less-biased estimates.

Linear regression models were created to characterize the association of nutrient intake with quartile of the SI. Before designing the linear regression model, collinearity among each independent variable was tested. A simple correlation test was performed to ensure that no strong (more than 80%) correlation existed between the co-variants (for example, age and SI) in the linear regression model. The values of variance inflation factors (VIF) were calculated to assess the degree of collinearity (e.g. age vs. SI, VIF: 1.02) among the variables in the regression model. Height and weight are well-known confounding factors in assessing nutrient intake and skeletal muscle mass; these two variables had a strong correlation, so only the weight was adjusted in the analysis. Carbohydrate, fat, and protein intakes were adjusted for average total energy intake (kcal) by adding residual values of carbohydrates, fat, and protein before the values were incorporated into the linear regression model. All analyses were performed on men and women separately; therefore, sex was not double-adjusted in the model. Using the linear regression model beta coefficient, 95% confidence interval (CI) for total energy intake and energy-producing nutrients according to the SI quartiles were estimated by setting the lowest SI quartile as the reference.

Logistic regression analysis was performed to estimate the odds ratio, 95% CIs, and P for trend for risk of low skeletal muscle mass by tertile level of total energy and carbohydrate intakes. The highest tertile group was taken as the reference group in male and female subjects separately, and key covariates (age, physical activity, and smoking) were adjusted in the logistic regression model. The range of total energy intake values for each tertile was as follows: for men, first tertile (T1): total energy intake \< 1,753.5 kcal, second tertile (T2): 1,753.5 kcal ≤ total energy intake \< 2,278.9 kcal, third tertile (T3): 2,278.9 kcal ≤ total energy intake, for women, T1: total energy intake \< 1,350.0 kcal, T2: 1,350.0 kcal ≤ total energy intake \< 1,768.4 kcal, T3: 1,768.4 kcal ≤ total energy intake. The range of carbohydrate intake values for each tertile was as follows: for men, T1: carbohydrate intake \< 313.0 g, T2: 313.0 g ≤ total energy intake \< 359.3 g, T3: 359.3 g ≤ carbohydrate intake, for women, T1: carbohydrate intake \< 288.2 g, T2: 288.2 g ≤ carbohydrate intake \< 327.1, T3: 327.1 g ≤ carbohydrate intake.

SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all statistical analyses in this study. The statistical significance of the data was set at *P* \< 0.05.

RESULTS
=======

Anthropometric and biochemical characteristics of the study subjects
--------------------------------------------------------------------

The anthropometric characteristics of the study subjects are presented in [Table 1](#T1){ref-type="table"}. Average ages of men and women at Q1 were 59.3 and 59.9 years, respectively. The age of the study subjects decreased as SI quartile increased in both men and women (*P* \< 0.0001). A large proportion of the aged subjects was in the lowest SI quartile, and the proportion of aged subjects decreased as SI quartile increased (*P* \< 0.0001). Both men and women in the higher SI quartile had higher values for height, total skeletal muscle mass, and appendicular muscle mass than those in the lowest SI quartile. Men showed increased body weight with increasing SI (*P* \< 0.0001) while women showed no significant change in body weight with increasing SI, indicating that weight gain in men tended to accompany more muscle gain than in women. Subjects in higher SI quartiles had a lower waist circumference than those in the lower SI quartiles.

Biochemical indicators are also presented in [Table 1](#T1){ref-type="table"}. While systolic blood pressure was reduced as SI increased in both men and women, diastolic blood pressure did not consistently increase across SI quartiles. In the analysis of biochemical parameters, levels of total blood triglycerides, fasting blood glucose, and insulin resistance index scores (HOMA-IR) were proportional to an increase in SI quartile (*P* \< 0.0001). Total cholesterol also decreased with increasing SI in women. For men, however, the mean value of total cholesterol fluctuated across the quartiles. The distribution of subjects who were regularly physically active was not significantly different among the SI quartiles in both men (*P* = 0.0917) and women (*P* = 0.6320). The ratios of smokers in each quartile were 64.2% (Q1) to 72.7% (Q4) in men (*P* = 0.0181) and 8.5% (Q1) to 8.9% (Q2 and Q3) in women (*P* = 0.9901). The mean amount of alcohol consumption in men was higher than that in women, but the distribution of high alcohol consumption (≥ 1--2 servings/d) across the quartiles of SI was not statistically significant in men.

Status of nutrient intake by quartile of sarcopenia index
---------------------------------------------------------

The absolute values for total energy and nutrient intakes increased as SI quartile increased ([Table 2](#T2){ref-type="table"}). Intake ratios of carbohydrates to total energy in Q1 of SI in men and women were 69.4% and 74.1%, and the ratios significantly decreased to 65.5% and 70.5% in Q4, respectively. Intake ratios of protein to total energy in Q1 were 13.6% and 13.3% in men (*P* = 0.0040) and women (*P* \< 0.0001) while intake ratios of fat to total energy in Q1 were 14.1% and 13.2% in men (*P* \< 0.0001) and women, respectively (*P* \< 0.0001). Intake ratios of fat relative to total energy intake increased within a narrow range as SI quartile increased. Energy-adjusted values of carbohydrate intake decreased from 331.3 g (Q1) to 321.6 g (Q4) for men (*P* = 0.0281) and from 307.0 g (Q1) to 296.9 g (Q4) for women (*P* \< 0.0001) as SI quartile increased. In women, protein intake after adjustment of total energy intake gradually increased from 52.6 g (Q1) to 56.0 g (Q4) for women as SI quartile increased. In men, average protein intake did not linearly increase throughout the SI quartiles. Energy-adjusted values of fat intake also increased as SI index increased from 30.1 g (Q1) to 33.7 g (Q4) for men and from 21.7 g (Q1) to 25.7 g (Q4) for women after adjustment of total energy intake. The range of values for energy from alcohol intake was 73.3 kcal to 81.9 kcal for men and 14.4 kcal to 20.3 kcal for women across SI quartiles. Intake ratios of alcohol to total energy intake were 3.7% to 4.1% for men and 0.8% to 1.4% for women throughout the quartiles. The data suggest that men consumed more energy from alcohol intake than women. However, the change in alcohol intake throughout the quartiles was not statistically significant in men.

Estimation of change in total energy and carbohydrate intake after adjustment of covariates
-------------------------------------------------------------------------------------------

We examined the association of total energy and major nutrient intakes with SI by incorporating age, body weight, and alcohol intake as covariates into the linear regression model ([Table 3](#T3){ref-type="table"}, [Table 4](#T4){ref-type="table"}, [Table 5](#T5){ref-type="table"}). The subjects in the highest SI quartiles had higher total energy intakes than those in the reference group (the lowest SI quartile) (*P* \< 0.0001) ([Table 3](#T3){ref-type="table"}). When physical activity, smoking, and levels of blood lipids and fasting glucose were added to the regression model, the change of total energy intake in the reference group (Q1) gradually increased as SI quartile increased ([Table 3](#T3){ref-type="table"}).

In men, there was no significant change in carbohydrate intake according to SI quartiles ([Table 4](#T4){ref-type="table"}). In women, the change in energy-adjusted carbohydrate intake in the reference group (Q1) was statistically significant only in Q4 (model I in [Table 4](#T4){ref-type="table"}). However, the change in carbohydrate intake was 6.7 g, which is equivalent to an energy intake of 27 kcal, and the trend was not significant (data not shown) after further adjustment for physical activity, smoking, and levels of blood lipids and fasting glucose (model II in [Table 4](#T4){ref-type="table"}). Differences in energy-adjusted fat and protein intake were not significant across the quartiles in both men and women after adjustment for age and other covariates ([Table 5](#T5){ref-type="table"}, [Table 6](#T6){ref-type="table"}).

Relative risk of low skeletal muscle mass according to energy intake
--------------------------------------------------------------------

Since the quartile level of skeletal muscle mass was associated with alteration of total calorie intake in both men and women and was partially associated with carbohydrate intake in women, we further examined the relative risk of having low skeletal mass as predicted by the tertile level of total energy intake or carbohydrate intake. [Table 7](#T7){ref-type="table"} shows the odd ratio (OR) for the risk of falling in the lowest quartile of SI in men and women on the basis of tertile scale of total energy intake after adjusting for confounding variables. Less total energy intake was associated with a higher prevalence of low skeletal muscle mass (Q1) in men (OR for the lowest tertile, 1.84; 95% CI, 1.52--2.22; *P* for trend, \< .0001) and women (OR for the lowest tertile, 1.28; 95% CI, 1.09--1.50; *P* for trend, 0.0112). When the interaction between age and energy intake was further adjusted in the model, the association between total energy intake and prevalence of low skeletal mass was still significant in men (OR for the lowest tertile, 1.52; 95% CI, 1.06--2.19; *P* for trend, 0.0047) but not in women. No association was observed between the tertile scale of carbohydrate intake and prevalence of low skeletal mass in men and women ([Table 8](#T8){ref-type="table"}).

DISCUSSION
==========

Since skeletal muscle is responsible for a substantial portion of the body\'s total energy expenditure, supplying sufficient calories and nutrients may contribute to conservation of skeletal muscle mass \[[@B8][@B18][@B19][@B30]\]. In this study, we observed the association of skeletal muscle mass with total energy intake in both men and women, and the association was more pronounced in men than in women. However, carbohydrate intake showed a significant association with the highest quartile of skeletal muscle mass only in women. These data indicate that total energy intake is associated with skeletal muscle mass, although a gender difference exists in predicting the association of skeletal muscle mass with energy or macronutrient intake.

In the multivariate linear regression analysis with adjusting covariates, total energy intake gradually increased as SI quartile increased in both men and women. The relationship between skeletal muscle and energy intake was shown to be similar to the results of previous studies \[[@B30][@B31]\]. A meta-analysis by McNeil et al. \[[@B31]\] suggested that both acute energy intake and daily energy intake are strongly correlated with fat-free mass (*r*=0.21, 027). In obese adolescents, total skeletal muscle mass more strongly predicted subjects\' total energy intake than did fat mass \[[@B30]\]. Our study also found that the estimated odds ratio for having a low skeletal mass in the tertile of lowest energy intake was higher than that in the highest tertile of total energy intake. However, no significant association was found between fat or protein intake and SI index. In this study, carbohydrate consumption accounted for more than 65% of subjects\' total energy intake, and the intake amount was higher than the amount suggested by the KDRI \[[@B25]\], indicating a relatively lower ratio of protein and fat consumption. Hence, the effect of protein or fat consumption on skeletal muscle mass could not be detected due to the narrow range of variation in subjects\' consumption of these nutrients.

In previous studies, carbohydrate intake was shown to be closely related to risk of metabolic syndrome, dyslipidemia, and obesity, which are profound confounding factors in the assessment of skeletal muscle mass \[[@B32][@B33][@B34]\]. For example, carbohydrate intake was shown to be associated with elevation of plasma low-density lipoprotein (LDL) cholesterol as well as reduction of high-density lipoprotein (HDL) \[[@B33]\]. However, the current study did not find any meaningful association between carbohydrate intake and skeletal muscle mass in the linear regression and logistic regression analyses. Previous studies have also suggested that the type rather than the amount of carbohydrate or food composition has more pronounced effects on health outcomes \[[@B34][@B35][@B36]\]. Taken together, our data indicate that elevation of the SI index can be predicted based on increased energy intake, whereas the association between SI and carbohydrate intake is not conclusive. A dietary pattern or sub-types within each macronutrient intake need to be clarified in future studies.

As noted in the results of the anthropometric and biochemical indices, a gradual decline in the proportion of elderly subjects was observed as the SI quartile increased, and an increased proportion of young subjects in the upper SI quartile seemed to cause an increase in the intakes of total energy and other major nutrients. This finding indicates that age is a significant contributing factor for estimating the association between nutrition intake and skeletal muscle mass. As expected, greater energy intake was shown to be associated with reduced incidence of low skeletal muscle mass. However, when the interaction between age and energy intake was incorporated into the logistic regression model, the association remained significant in men but not in women. Although this result may due to the age distribution pattern in women, physiological changes (for example, hormonal change) owing to aging strongly affected energy intake and skeletal muscle changes in women.

Despite having a direct relationship with skeletal muscle, the change in energy intake from the lowest to highest SI quartile was larger in men than in women. It has been consistently shown that men tend to eat more food and consume more total calories than women. However, the gender differences in health outcomes in response to different total energy intakes or expenditures between men and women have not been well reported. A longitudinal study on an elderly population recently demonstrated that decreased physical activity was associated with a decline in fat-free mass in men but not in women \[[@B16]\]. One interesting finding regarding gender differences in this study was that alcohol intake contributed up to 4% of total energy intake in men versus 1% in women, and such percent intake was equivalent to about 80 kcal per day for men and 20 kcal per day for women. However, only women showed a significant association between increased alcohol intake and skeletal muscle mass. Since the intake patterns of macronutrients (high carbohydrate intake but relatively less intakes of protein and fat) were similar between men and women, the different distribution patterns of alcohol consumption or caloric intake from alcohol might contribute to gender differences in the association between total energy intake and skeletal muscle mass. Further analysis of dietary patterns contributing to total energy and macronutrient intakes may clarify gender differences in the association between energy intake and skeletal muscle mass.

The main limitation of this study is that the nutritional intakes of the study subjects were estimated from only one 24-h recall, and thus the data may not reflect daily variations in the nutrient intakes of the individual subjects. However, similarities in total dietary consumption as well as composition during the 24-h recall were checked for each subject during the nationwide survey, and only dietary data during the 24-h recall that were similar to the subjects\' usual dietary patterns were included in the analysis. Thus, the screening process might have reduced daily variations in the data of total energy or nutrient intake within individuals. An analysis of indices reflecting long-term nutrient intake by different age groups may provide more precise information on the association of nutrient intake with skeletal muscle mass. Although this study demonstrated the association of total energy intake with SI and relative skeletal muscle mass, as many studies have already reported, skeletal muscle mass is not always correlated with physical activity or strength \[[@B37]\]. Thus, any extrapolation of the association between energy intake and skeletal muscle mass to improvement of muscle strength or physical activity may not be appropriate in this study.

To the best of our knowledge, this is the first study to investigate changes in total energy intake according to different levels of skeletal muscle mass separately in men and women from population-based data. The data suggest that an increase in SI index can be predicted based on increased total energy intake, although any change in skeletal muscle mass in response to energy or nutrient intake may vary by gender. The results highlight the need for the separate consideration of men and women in the prediction of skeletal muscle mass and relating factors. Further studies to identify the dietary patterns affecting skeletal muscle mass and to develop a gender-specific model for predicting skeletal muscle are warranted.
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###### Anthropometric and biochemical characteristics related to energy metabolism of the study subjects by quartile of the sarcopenia index (SI)

![](nrp-12-222-i001)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TSM, total skeletal muscle mass; ASM, appendicular skeletal muscle mass; SI, sarcopenia index; HOMA_IR, homeostatic model assessment-insulin resistance; PA, physical activity; Smoking, smoking status.

^1)^For men the first quartile (Q1): SI \< 0.82, Q2: 0.82 ≤ SI \< 0.89, Q3: 0.89 ≤ SI \< 0.97, and Q4: 0.97 ≤ SI. For women, Q1: SI \< 0.55, Q2: 0.55 ≤ SI \< 0.61, Q3: 0.61 ≤ SI \< 0.67, and Q4: 0.67 ≤ SI.

^2)^Mean ± SE.

^3)^n (%)

^4)^A serving size of alcohol intake: one cup (50cc) of soju or one glass of beer (200cc), "≥ 1--2 serving/d" corresponds to ≥ 2 servings/d for men and ≥ 1.5 servings/d for women, "\< 1--2 servings/d" corresponds to \< 2 servings/d for men and \< 1.5 servings/d for women. The p values are from ANOVA for continuous variables and χ^2^ test for categorical variables assessing the difference between the groups.

###### Status of energy intake by quartile of the sarcopenia index (SI)

![](nrp-12-222-i002)

^1)^For men the first quartile (Q1): SI \< 0.82, Q2: 0.82 ≤ SI \< 0.89, Q3: 0.89 ≤ SI \< 0.97, and Q4: 0.97 ≤ SI. For women, Q1: SI \< 0.55, Q2: 0.55 ≤ SI \< 0.61, Q3: 0.61 ≤ SI \< 0.67, and Q4: 0.67 ≤ SI.

^2)^Mean ± SE.

^3)^Absolute amount of intake without adjustment.

^4)^Percent intake from total energy intake.

^5)^Energy-adjusted intake calculated by residual adjustment method; coefficient amount for carbohydrate: 313.5 g for men and 282.6 g for women, for fat: 32.9 g for men and 23.3 g for women, for protein: 72.3 g for men and 53.6 g for women.

^6)^Caloric intake from alcohol was calculated as follows: servings/d × 64 kcal/serving.

###### Estimated change in total energy intake according to quartile of the sarcopenia index (SI)
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Beta coefficient with 95% confidence interval is shown.

^1)^Model I: adjusted for age, body weight and energy from alcohol intake.

^2)^Model II: model I + physical activity + levels of total cholesterol and fasting glucose + smoking status.

^3)^For men the first quartile (Q1): SI \< 0.82, Q2: 0.82 ≤ SI \< 0.89, Q3: 0.89 ≤ SI \< 0.97, and Q4: 0.97 ≤ SI. For women, Q1: SI \< 0.55, Q2: 0.55 ≤ SI \< 0.61, Q3: 0.61 ≤ SI \< 0.67, and Q4: 0.67 ≤ SI.

^4)^Beta coefficient in linear trend analysis with energy intake and SI: for men 112.3 kcal/ SI (0.1 m^2^), for women 43.9 kcal/ SI (0.1 m^2^).

^\*^*P* \< 0.05, ^\*\*^ *P* \< 0.01, ^\*\*\*^ *P* \< 0.001 compared to reference group of sarcopenia index (Q1) within same sex or total subjects.

###### Estimated change in carbohydrate intake according to quartile of the sarcopenia index (SI)
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Beta coefficient with 95% confidence interval is shown.

^1)^Model I: adjusted for age, body weight and energy from alcohol intake.

^2)^Model II: model I + physical activity + the level of total cholesterol and fasting glucose + smoking status.

^3)^For men the first quartile (Q1): SI \< 0.82, Q2: 0.82 ≤ SI \< 0.89, Q3: 0.89 ≤ SI \< 0.97, and Q4: 0.97 ≤ SI. For women, Q1: SI \< 0.55, Q2: 0.55 ≤ SI \< 0.61, Q3: 0.61 ≤ SI \< 0.67, and Q4: 0.67 ≤ SI.

^\*^*P* \< 0.05, ^\*\*^ *P* \< 0.01 compared to reference group of sarcopenia index (Q1) within same sex or total subjects.

###### Estimated change in fat intake according to quartile of the sarcopenia index (SI)
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Beta coefficient with 95% confidence interval is shown.

^1)^Model I: adjusted for age, body weight and energy from alcohol intake.

^2)^Model II: model I + physical activity + the level of total cholesterol and fasting glucose + smoking status.

^3)^For men the first quartile (Q1): SI \< 0.82, Q2: 0.82 ≤ SI \< 0.89, Q3: 0.89 ≤ SI \< 0.97, and Q4: 0.97 ≤ SI. For women, Q1: SI \< 0.55, Q2: 0.55 ≤ SI \< 0.61, Q3: 0.61 ≤ SI \< 0.67, and Q4: 0.67 ≤ SI.

###### Estimated change in protein intake according to quartile of the sarcopenia index (SI)
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Beta coefficient with 95% confidence interval is shown.

^1)^Model I: adjusted for age, body weight and energy from alcohol intake.

^2)^Model II: model I + physical activity + the level of total cholesterol and fasting glucose + smoking status.

^3)^For men the first quartile (Q1): SI \< 0.82, Q2: 0.82 ≤ SI \< 0.89, Q3: 0.89 ≤ SI \< 0.97, and Q4: 0.97 ≤ SI. For women, Q1: SI \< 0.55, Q2: 0.55 ≤ SI \< 0.61, Q3: 0.61 ≤ SI \< 0.67, and Q4: 0.67 ≤ SI.

###### Adjusted ORs with 95% CIs of low skeletal muscle mass by tertile of total energy intake
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Odds ratio (OR) with 95% confidence interval is shown.

^1)^Model I: adjusted for age, body weight, and energy from alcohol intake.

^2)^Model II: model I + physical activity + levels of total cholesterol and fasting glucose + smoking status.

^3)^Model III: model II + age × total energy intake.

^4)^Total energy intakes were categorized into tertile scale; for men, first tertile (T1): total energy intake \< 1,753.5 kcal, second tertile (T2): 1,753.5 kcal ≤ total energy intake \< 2,278.9 kcal, third tertile (T3): 2,278.9 kcal ≤ total energy intake, for women, T1: total energy intake \< 1,350.0 kcal, T2: 1,350.0 kcal ≤ total energy intake \< 1,768.4 kcal, T3: 1,768.4 kcal ≤ total energy intake.

^\*^*P* \< 0.05, ^\*\*^ *P* \< 0.01, ^\*\*\*^ *P* \< 0.001 compared to reference group of total energy intake (T3) within same sex or total subjects.

###### Adjusted ORs with 95% CIs of low skeletal muscle mass by tertile of carbohydrate intake
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Odds ratio (OR) with 95% confidence interval is shown.

^1)^Model I: adjusted for age, body weight and energy from alcohol intake.

^2)^Model II: model I + physical activity + levels of total cholesterol and fasting glucose + smoking status.

^3)^Model III: model II + age × total energy intake.

^4)^Energy adjusted total carbohydrate intake was categorized into tertile scale; for men, first tertile (T1): carbohydrate intake \< 313.0 g, second tertile (T2): 313.0 g ≤ carbohydrate intake \< 359.3 g, third tertile (T3): 359.3 g ≤ carbohydrate intake, for women, T1: carbohydrate intake \< 288.2 g, T2: 288.2 g ≤ carbohydrate intake \< 327.1, T3: 327.1 g ≤ carbohydrate intake.

^\*^*P* \< 0.05 compared to reference group of carbohydrate intake (T3) within same sex or total subjects.
